For more information on the USGS-the Federal source for science about the Earth, its natural and living resources, natural hazards, and the environment, visit http://www.usgs.gov or call 1-888-ASK-USGS.
Introduction
Fort Irwin National Training Center (Fort Irwin NTC) in the Mojave Desert of California has been used as a military training facility almost continuously since August 1940. The training center currently (2012) obtains its potable water supply by pumping from wells in the Irwin, Bicycle, and Langford Basins. Groundwater development began in the Irwin Basin in 1941 . From 1941 to 1996 , most of the groundwater pumpage was from the Irwin Basin which resulted in water-level declines of about 30 ft in the basin during this period. Pumping from the Bicycle and Langford Basins began in 1967 and 1992, respectively, and pumping from these basins has resulted in a decrease in the groundwater demand from the Irwin Basin. Since 1991, the combined pumping from the adjacent Bicycle and the Langford Basins has exceeded that in the Irwin Basin. Since the 1990's, reduced pumping and artificial recharge of wastewater and irrigation in the Irwin Basin has caused water levels to stabilize or rise throughout the basin. Although water levels are currently rising in the Irwin Basin, treated wastewater that percolates through evaporate deposits underlying the wastewatertreatment facility and infiltration/holding ponds has resulted in high concentrations of dissolved solids in groundwater that is migrating toward the pumping-caused depression in water levels near the center of the basin (Densmore and Londquist, 1997) . Water-quality concerns have led to the abandonment or destruction of several production wells in the Irwin Basin.
To effectively manage the water resources and plan for future water needs at the Fort Irwin NTC, it is important to have a complete understanding of the hydrogeologic and geochemical framework of the Irwin, Langford, and Bicycle Basins. To provide the information needed to develop that understanding, the U.S. Geological Survey (USGS), in cooperation with the Fort Irwin NTC, conducted a series of studies to evaluate the hydrogeologic system and conditions at the training center. This report describes the results of one of those studies.
Purpose and Scope
This report describes the results of the simulation of groundwater flow in the aquifer system in the Irwin Basin at the Fort Irwin NTC, California, using an existing groundwater-flow model developed by Densmore (2003) that was updated to run with MODFLOW 2005, the most current version of the USGS three-dimensional, finite-difference groundwater model, and to use groundwater withdrawal data for the period 2000-10. The original model simulated the hydrologic conditions of the Irwin Basin for the period 1941-99. This report describes the hydrogeology of the Irwin Basin, the updates made to the existing model, and the results of the simulation of four scenarios of hypothetical combinations of groundwater recharge and withdrawal over the next 50 years. The updated groundwater-flow model is a useful tool to help estimate the long-term availability of groundwater from the basin by evaluating differences in groundwater-level altitudes (or water levels) among scenarios simulating different withdrawal and recharge rates. The updated model was used to evaluate the potential spatial effects on groundwater levels as a consequence of 1) continued withdrawals at the 2010 average rate of pumping, 2) supplementing water-supply needs with withdrawals from an inactive production well, 3) a reduction in groundwater recharge from treated wastewater.
Location and Description of Study Area
The Fort Irwin NTC is about 130 miles (mi) northeast of Los Angeles and 35 mi northeast of Barstow in southern California ( fig. 1 ). The training center covers about 970 mi 2 (square miles) of the northern part of the Mojave Desert and encompasses several ground-water basins. Wells in the Irwin, Bicycle, and Langford Basins currently supply water to the base ( fig. 1) .
The Irwin Basin has a fairly flat floor bordered to the east by Beacon Hill, to the north-northwest by Northwest Ridge, to the west by Southwest Ridge, and to the south by low-lying hills that separate the Irwin Basin from the Langford Basin ( fig. 2) . The surface-water drainage area of the basin is about 30 mi 2 and the floor of the basin is about 7 mi 2 . There are no perennial streams in the basin but several dry washes convey surface flow during, or immediately after, large storms. Surface-water flow out of the basin, when it occurs, is to the southeast into the Langford Basin, through an unnamed ephemeral wash near Garlic Spring ( fig. 2) .
The basin climate is typical of the Mojave Desert, with scant precipitation, hot summers, and cool winters. There are no official weather records for the Irwin Basin itself, but at Goldstone, about 15 mi northwest of the basin ( fig. 1) , 1973-2006 average annual precipitation is about 5.8 in. (inches), most of which falls during the winter, with a few isolated thunderstorms during the summer. At Barstow, 35 mi southwest of the basin, 1997-2011 average annual precipitation is about 5.1 in. Between 1973 and 2011, the annual precipitation at Barstow ranged from about 2.0 in. in 1975 to about 13.2 in. in 2005 13.2 in. in . Between 1940 13.2 in. in and 2013 at Barstow ranged from 3 °F to 116 °F and averaged about 64 °F. The 1997-2011 average annual potential evaporation at Barstow is about 72 in., (National Oceanic and Atmospheric Administration, 1994; EarthInfo, Inc., 1995 , 2000 David Inouye, California Department of Water Resources, written commun., 1996; California Irrigation Management Information System, 2013) .
Hydrogeologic Setting
The Irwin Basin is filled with as much as 950 ft of unconsolidated deposits that consist of younger alluvium of Quaternary age and older alluvium of late Tertiary to Quaternary age (Densmore, 2003, fig. 3 ). The deposits are unconsolidated at land surface and become partly consolidated with depth. The unconsolidated deposits are the only waterbearing material in the basin from which appreciable amounts of groundwater can be obtained. These deposits are underlain by a basement complex of volcanic rocks of Tertiary age and igneous and metamorphic rocks of pre-Tertiary age, which convey insignificant amounts of groundwater except in areas where they are jointed, weathered or fractured.
The older alluvium ( fig. 3 , QTa and Tl) consists of sand, gravel, and clay derived predominantly from granitic material, except in the northern part of the basin, where volcanic material dominates. Where the older alluvium consists predominantly of sand and gravel, it yields moderate amounts of water to wells. In the southeastern part of the basin, however, the older alluvium consists almost entirely of low-permeability lacustrine deposits ( fig. 3 , B-B', Tl) of silt and clay. These low-permeability deposits extend from well 14N/3E-33N1 near the center of the basin to well 13N/3E-10E1-3 in the unnamed wash that leads to Garlic Spring, and are bounded by the Garlic Spring Fault on the northeast and an unnamed fault on the southwest.
The younger alluvium ( fig. 3 , Qa) consists primarily of loose coarse sand and gravel with small amounts of clay. Some thin, discontinuous clay lenses overlie the lacustrine deposits within the older alluvium in the area beneath the former sprinkler-pivot field in the southeastern part of the basin ( fig. 2 ) and may result in a perched water table in this area. Most of the younger alluvium lies above the water table; however, in areas where it is saturated, primarily in the center of the basin, it yields large quantities of water to wells (as much as 1,000 gal/min). Wellbore-flow tests of selected base supply wells indicate that most of the water pumped comes from the younger alluvium (Densmore and Londquist, 1997) .
The aquifer system in the Irwin Basin consists of an upper aquifer and a lower aquifer. The upper aquifer is unconfined and is contained within the saturated part of the younger alluvium. This aquifer reaches a maximum thickness of about 200 ft in the west-central part of the basin ( fig. 3) . The lower aquifer is composed of older alluvium and is confined throughout most of the basin. This aquifer reaches a maximum thickness of about 600 ft in the central part of the basin ( fig. 3) . Although some water is contained in the underlying basement complex, the effective base of the groundwater system is at the top of basement complex. The altitude of the surface of the basement complex in the Irwin Basin is shown in figure 4 . F.1 
Former sprinkler -pivot field 14N/3E-32P2-6 Numerous faults have been mapped in the bedrock hills surrounding the Irwin Basin (Yount and others, 1994) (figs. 2, 3); they include the Garlic Spring Fault, the Bicycle Lake Fault, and many unnamed faults. Most of these faults are buried beneath the unconsolidated deposits and thus their presence within the basin is largely unknown. Yount and others (1994) mapped the Garlic Spring Fault into the unconsolidated deposits, suggesting that the fault may cut through both the younger and the older alluvium in the southeastern part of the basin. Water-quality and water-level data, presented by Densmore and Londquist (1997) , indicate that the Garlic Spring Fault and a parallel unnamed fault may be acting, in part, as a partial barrier to horizontal groundwater flow, primarily in the lower aquifer. The water-quality data indicate that vertical flow also is being impeded on the west side of the Garlic Spring Fault because of lithologic differences between the younger alluvium and the underlying lacustrine deposits of the older alluvium. Minor compaction and deformation of the water-bearing deposits immediately adjacent to the faults, fault gouge along the fault zone, and cementation of the fault zone by the deposition of minerals from groundwater are believed to create the barrier effect of the faults.
The areal extent of the aquifer system is defined by the intersection of the water table and the surrounding rocks of the basement complex. Under predevelopment conditions (pre-1941) , the water table was about 2,300 feet above NAVD88. The boundary of the saturated aquifer system coincides with the 2,300-foot altitude contour of the basement complex shown in figure 4 (the approximate boundary of the aquifer system is shown in figure 2 ). All the alluvial deposits above this altitude were unsaturated under predevelopment conditions.
Simulation of Groundwater Flow
An existing groundwater-flow model of the aquifer system in the Irwin Basin (Densmore, 2003) was updated and used to simulate flow under four alternative withdrawal and recharge conditions, here called scenarios. Densmore (2003) developed a two-layer groundwater-flow model for the period 1941-99 for the aquifer system in the Irwin Basin to assess the long-term availability and quality of groundwater, to evaluate groundwater conditions as a result of withdrawals, and to plan for future water needs at the base. Results of the model simulations of the scenarios were used to analyze the effects of the four alternative withdrawal and recharge conditions on the aquifer system.
Model Design
The existing groundwater-flow model was constructed using the USGS Modular Three-Dimensional FiniteDifference Groundwater-Flow Model (MODFLOW-88) developed by McDonald and Harbaugh (1988) . For this study, the model input data was reformatted for a newer version of MODFLOW, MODFLOW-2005 (Harbaugh, 2005 (Densmore, 2003) used all of the above-mentioned modules except the MNW2, the WEL module (McDonald and Harbaugh, 1988) was used. For this study, the well input file was reformatted into the format for the MNW2 module. The 2010 model uses the Geometric Multigrid Solver (GMG, Wilson and Naff, 2004) , whereas the original model used the Strongly Implicit Procedure Solver (SIP, McDonald and Harbaugh, 1988) .
The model representation of the aquifer system, calibrated aquifer properties, and model boundaries simulated in the original model were not changed for this study. The model representation of the aquifer system is shown in figure 5 . Horizontal hydraulic conductivity of the aquifer system ranged from 3 to 25 ft/d (feet per day) for model layer 1 and 3 to 22 ft/d for layer 2. Model boundaries are shown in figure 4 . The lateral boundaries of the model coincide with the lateral boundaries of the aquifer system. The top boundary of the
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Langford Lake Road ? Figure 5. -Continued model, the water table, is simulated as a free-surface boundary (unconfined) to allow vertical movement in response to changes between inflow and outflow. No-flow boundaries are used around and below the modeled area to represent contact with the basement complex. The HFB6 package was used to simulate the 2 faults that impede the horizontal flow of groundwater. The GHB package was used to simulate underflow from layer 1 through the unnamed wash near Garlic Spring. The reader is referred to Densmore (2003) for a detailed description of the aquifer system framework, aquifer properties and model boundaries.
Model Calibration
The 2010 model was not re-calibrated, but the results of the simulations made with the original model and the 2010 model were compared to ensure that the original level of calibration was maintained. Simulated 1994 hydraulic heads (or potentiometric surface) from the original model (Densmore, 2003, fig. 19 ) were compared with those heads simulated in the 2010 model ( fig. 6 ). The comparisons were only visual, however, because the original 1994 hydraulic heads generated by Densmore (2003) were not archived in GIS format. Model budgets calculated for each stress period by MODFLOW in the original and 2010 model were also compared. The original list file, lst.trand114, containing the model budgets, can be requested from the USGS California Water Science Center, San Diego, Calif.
The update of the original model was done in steps to allow for evaluation and analysis of simulation results and to maintain the original level of calibration. First, the original model input data was reformatted from MODFLOW-88 to MODFLOW-2005 format, and then the well input file was reformatted to the newer MNW2 format. The simulated 1994 hydraulic heads, generated from the original model data that had been reformatted to run with MODFLOW-2005, are shown in red in figure 6 and compare well with the original 1994 hydraulic heads generated by Densmore (2003) . The MODFLOW-2005 model input data was then run with the original well data reformatted for the MNW2 module. The simulated 1994 hydraulic heads, generated from the 2010 model with the MNW2 well data, are shown in purple in figure 6 and are slightly different in the area of the production wells 14N/3E-32F1, 14N/3E-32H1 and 14N/3E-32K1 ( fig. 6 ) from the hydraulic heads simulated by using the original well data. Using the MNW2 module, the simulated 1994 hydraulic heads for layer 1 at production wells 14N/3E-32H1 and Boundary of aquifer system (approximate) Drainage basin boundary 14N/3E-32K1 are 2.61 and 3.51 ft higher, respectively, than the 1994 simulated hydraulic heads using the WEL module. In contrast, the 1994 hydraulic heads simulated by using the MNW2 module for layer 2 at production wells 14N/3E-32F1, 14N/3E-32H1 and 14N/3E-32K1 are 1.28, 0.88 and 1.09 ft lower, respectively, than the 1994 simulated hydraulic heads using the WEL module. With the exception of the hydraulic heads within the closed 2,270-foot contour line ( fig. 6 ), hydraulic heads from both models agree within 0.1 foot. This difference in hydraulic head may be attributed to how the withdrawals were distributed in the original model. The withdrawals from production wells were initially distributed as two-thirds from layer 1 and one-third from layer 2; this initial distribution was then varied between the two layers during calibration in the original model (Densmore, 2003) . For the 2010 model, the percentage of groundwater withdrawals from each model layer was calculated by the MNW2 module.
The volumetric model budgets, calculated by MODFLOW, for the original MODFLOW-88 model and the 2010 model for 1994 conditions, which is stress period 54, are shown in table 1. Slight differences in the values for storage and head dependent boundary are probably a result of the difference in the distribution of withdrawals of the production wells calculated by the MNW2 module. Overall, the budget items compare well.
Hydrographs for 11 selected observation wells are shown in figure 7. Wells were selected on the basis of location and number of water-level measurements available, and only wells screened in a single layer were considered. The measured water levels and simulated hydraulic heads from the 2010 model are within 11 ft. Simulated hydraulic heads also matched the upward 1992-2010 trend in measured water levels. The upward trend is probably a result of recharge from the ponds near the wastewater-treatment facility and irrigation at the training center's base housing.
Groundwater Withdrawals
The original model simulated hydrologic conditions from January 1941 to December 1999 with yearly stress periods. In the original model, groundwater withdrawals were averaged for the year. 
Groundwater Recharge
There are two sources of recharge to the aquifer system in the Irwin Basin: natural recharge from precipitation and artificial recharge from wastewater-effluent infiltration at the ponds and irrigation-return flow (Densmore, 2003) . Natural recharge in the basin is low because of low precipitation and high evaporation rates. The calibrated natural recharge simulated in the original model was about 50 acre-ft/yr. The natural recharge was simulated along the intermittent unnamed wash shown in figure 4 . The natural recharge of 50 acre-ft/yr was used in the 2010 model and simulated in the same model cells as those in the original model that represent the intermittent unnamed wash. Groundwater is imported to the Irwin Basin from Bicycle and Langford Basins. Some water is used for irrigation at the base housing; the water that is not consumed is treated at the wastewater-treatment facility and discharged to the infiltration ponds, referred to as the wastewater treatment facility pond, golf course pond and duck ponds. Estimated groundwater recharge has exceeded groundwater withdrawals 1941 1943 1945 1947 1949 1951 1953 1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 Recharge fig. 8 and table 2 ). Reduced pumping in the Irwin Basin, recharge from irrigation at the base housing, and artificial recharge from treated wastewater at the infiltration ponds has caused water levels to stabilize or rise throughout most of the Irwin Basin ( fig. 7) . The recharge rate used in the original model at the recreational fields (soccer, baseball, and Army ball fields) and grass areas at the base housing ( fig. 2) The recharge rate simulated in the original model was used in the 2010 model for the monthly stress periods from January 2008 to December 2010. At the recreational fields and grass areas at the base housing, the recharge rate was decreased by half for the winter months, January, February, November and December.
Estimates of daily evaporation and evapotranspiration from studies by the California Department of Water Resources (DWR) and the California Irrigation Management Information System (CIMIS) of DWR's Office of Water Use Efficiency, respectively, were used in the calculation of water available for monthly recharge at the wastewater infiltration ponds (pond locations shown in fig. 2 ), where outflow from the wastewater-treatment facility is discharged in the Irwin Basin. Using an annual evaporation rate of 5.7 ft, the 2010 evaporation from the surface of wastewater infiltration ponds (area of ponds is 47 acres) was estimated to be about 270 acre-ft (table 3) . Using an annual evapotranspiration rate of 6 ft, the 2010 evapotranspiration from the area (about 40 acres) around the wastewater infiltration ponds was estimated to be 240 acre-ft. There are no data available on the depth to groundwater within 500 ft of the ponds from wells screened within 20 ft of land surface. The well nearest to any of the infiltration ponds (pond locations shown in fig. 2 ) is observation well 13N/3E-10D1, screened 15 to 65 ft below land surface and located about 500 ft southeast of the southernmost duck pond. The water level in this well was 15 ft below land surface on October 21, 2010. A shallow depth to groundwater was assumed for the area around the ponds because of the vegetation growing there, and the water from the ponds would flow laterally, in addition to vertically, into the surrounding aquifer. A shallow depth to groundwater, less than 10 ft, was fig. 8) .
Periodic water-level measurements by USGS personnel at six observation wells (13N/3E-4B3, -4G1, 4K1,-4K4, -4Q4, and -10D1) near the wastewater-treatment facility were compared to simulated hydraulic heads to insure the calculated 2008-10 monthly recharge rates did not have an adverse effect on model calibration. The observation wells are screened in model layer 1. The measured water levels and simulated hydraulic heads, which are within 1-20 ft, at the six observation wells ( fig. 9) . The larger differences between simulated and measured values may be due, in part, to inaccuracies in the distribution of pumpage to the individual wells during 1999 and 2004 and an inaccurate estimation of the quantity and distribution of artificial recharge.
Simulated Effects of Future Withdrawals and Artificial Recharge
The updated 2010 model was used to assess the possible effect of four groundwater withdrawal and artificial recharge scenarios on the groundwater-flow system within the Irwin Basin. These four scenarios were developed in cooperation with Fort Irwin National Training Center personnel and used to simulate conditions from January 2011 to December 2060. All of the model scenarios use the simulated December 2010 hydraulic heads as initial conditions. Monthly values for proposed withdrawals and estimated artificial recharge were simulated for January 2011 through December 2060.
For the scenarios, the drain module was added to simulate groundwater discharge in areas where water levels rise above land surface because of groundwater recharge simulated in those areas. Groundwater levels rise above land surface in the southern area of the Irwin Basin where the land surface is topographically low, around 2,340 NAVD88, and are described in more detail in the Results of Simulations sections. 
Description of Model Scenarios
Artificial groundwater recharge simulated for each of the model scenarios was adjusted in the area of the ponds near the wastewater-treatment facility, based on estimates by Fort Irwin personnel of the quantity of wastewater that may be discharged to the ponds in the future. The quantity of treated wastewater discharged to the ponds is anticipated to be reduced as a result of plans to use the wastewater, rather than "newly pumped" groundwater, for irrigation. Groundwater withdrawals also were adjusted for each of the scenarios to represent the redistribution or reduction of estimated amounts that are anticipated by Fort Irwin personnel. Simulated groundwater withdrawals and artificial recharge for each scenario are described below.
Scenario 1
Scenario 1 simulates the 2010 annual rate of withdrawals (536 acre-ft/yr) from production well 14N/3E-32H1 in the Irwin Basin (table 4) and remains constant from 2011 to 2060. The monthly distribution of withdrawals ( fig. 10 ) was estimated as a percentage from the monthly withdrawals from all production wells in the Irwin, Bicycle, and Langford Basins for the 10-year period, 2001 through 2010 in order to reflect the monthly groundwater requirement needed by operations at the Fort Irwin NTC. The monthly groundwater withdrawals for the Irwin Basin were calculated by multiplying the 2010 total groundwater withdrawals (536 acre-ft/yr) from production well 14N/3E-32H1 by the percentage for a particular month. The monthly withdrawals used in scenario 1 ranged from 27 to 61 acre-ft (table 4) .
The estimated quantity of treated wastewater discharged to the infiltration ponds near the wastewater-treatment facility (pond locations shown in fig. 2 ) for 2011 through 2060 was reduced from the 2010 values. The quantity of treated wastewater discharged to the ponds ranges from 55 to 103 acre-ft/month (table 3) for scenario 1. Because less treated wastewater will be discharged to the ponds, less water will be available for recharge. If the quantity of treated wastewater discharged to the ponds exceeded the total of the evaporation and evapotranspiration rate and was greater than the 2010 monthly recharge rate from the ponds , then the 2010 recharge rate from wastewater shown in table 3 was simulated for that month. If the quantity of treated wastewater discharged to the ponds was less than the total of the evaporation and evapotranspiration rate and there was wastewater left over from the previous month, then the simulated 2010 recharge rate from wastewater was decreased for that month. If the quantity of treated wastewater discharged to the ponds was less than the total of the evaporation and evapotranspiration rate and there was no wastewater left over from the previous month, then the simulated 2010 recharge rate is zero. The monthly recharge rate in the area of the ponds calculated from the quantity of treated wastewater in the ponds ranged from 0 to 63 acre-ft/month (table 3). 
Scenario 2
Scenario 2 simulates the 2010 groundwater withdrawals from production wells 14N/3E-32M1, -32H1 and 13N/3E-5G2 (well locations shown in fig. 11 ). Currently (2010), production wells 14N/3E-32M1 and 13N/3E-5G2 are inactive. The simulated monthly groundwater withdrawals calculated for scenario 1 were redistributed among production wells 14N/3E-32H1 (33 percent) and -5G2 (67 percent) during 2010-16 (table 4); groundwater withdrawals from well 14N/3E-32M1 were zero until 2016 based on future seasonal water supply demand anticipated by Fort Irwin personnel. Beginning in March 2016 and continuing until December 2060, simulated withdrawals from production well 14N/3E-32M1 for March, April, May, and June were 3, 10, 12, and 6 acre-ft/month, respectively, and zero for all other months. The withdrawals from 14N/3E-32M1 are in addition to the withdrawals from production wells 14N/3E-32H1 and -5G2.
For Scenario 2, the estimated quantity of treated wastewater discharged to the infiltration ponds was reduced in four phases from the quantity of treated wastewater in 2010 (table 3) . The quantity of treated wastewater discharged to the infiltration ponds for scenario 2, phase 1, (January 2011 through December 2011) used the same values calculated for scenario 1 (January 2011 through December 2060) and ranged from 55 to 103 acre-ft/month. The simulated quantity of treated wastewater discharged to the infiltration ponds ranged from 39 to 101 acre-ft/month for phase 2, (January 2012 through December 2013), 22 to 98 acre-ft/month for phase 3, (January 2014 through December 2015) and no discharge to the infiltration ponds for phase 4, (January 2016 through December 2060).
The calculated monthly recharge rates in the area of the ponds for phase 2 and 3 of scenario 2 ranged from 0 to 63 acre-ft/month (table 3). The calculated monthly recharge was zero in the model for phase 4 in the area of the ponds. The treated wastewater for phase 4 is assumed to be used for irrigation (currently (2010) supplied by groundwater) and cooling towers and any remaining wastewater will be discharged to a proposed 2-mile-long drainage ditch. The 1,400 acre-ft/yr of water used for irrigation (1,200 acre-ft/yr ) and cooling towers (200 acre-ft/yr), however, exceeds the quantity of water treated at the wastewater treatment facility, 1,190 acre-ft/yr. Hence, there will be no wastewater available to discharge to the proposed drainage ditch at the base. (table 4) . The withdrawals are simulated from production well 14N/3E-32H1 (I-7). The same quantity of treated wastewater discharged to the ponds near the wastewater-treatment facility for scenario 1 was used in scenario 3 (table 3 ). In addition, the same recharge rate simulated in the area of the ponds in scenario 1 was used in scenario 3.
Scenario 4
Scenario 4 simulates the same distribution of withdrawals among the production wells as scenario 2, but reduces the 2010 withdrawals 3 percent per year for 10 years (January 2011 through 2020) at wells 14N/3E-32H1 and 13N/3E-5G2. As in scenario 3, the 30 percent reduction in withdrawal rates (from the initial 2010 rate) was then simulated from January 2021 until December 2060 (table 4) . Withdrawals at well14N/3E-32M1 were not reduced. Similar to scenario 2, the estimated quantity of treated water discharged to the ponds near the wastewater treatment facility and the simulated recharge rate were varied in 4 phases beginning in January 2011, January 2012, January 2014, and January 2016, and are shown in table 3. The same quantity of treated wastewater discharged to the ponds near the wastewater-treatment facility for scenario 2 was used in scenario 4. The same recharge rate simulated in the area of the ponds for scenario 2 was used in scenario 4.
Results of Simulations
Results of the simulations of the four scenarios are presented as maps of the difference in hydraulic heads from October 2010 to October 2060 for model layer 1. (figs. 11-14) .
The head values for October are assumed to represent water levels after the high groundwater withdrawal rates during the summer. A negative value for the change in hydraulic head indicates the simulated hydraulic head has increased between 2010 and 2060.
Hydrographs showing the simulated hydraulic heads for each of the four scenarios from 2011 to 2060 at 14 well locations are presented in figure 15 . Water levels in production wells 14N/3E-32M1 (I-2A), -32H1 (I-7) and 13N/3E-5G2 (I-9) are representative of conditions in a cone of depression that may form in response to groundwater withdrawals. The aquifer response in the area of a cone of depression to changes in recharge will be most evident in the hydrographs of production wells. The water levels in observation wells 13N/3E-4D3, -4G1, -4K1, -4K4, -4Q2, -10D1, 14N/3E-32B3, -32F3, -32K6, -32P6, and -33E3 are representative of groundwater conditions in the Irwin Basin. The changes in simulated hydraulic heads at the 14 wells are summarized in table 5.
Scenario 1
In scenario 1, the 2010 annual rate of withdrawals (536 acre-ft/yr) was held constant from 2011 to 2060, for a cumulative withdrawal of 26,800 acre-ft. Continuation of the 2010 withdrawal rate and recharge from irrigation at the base housing, and a decrease in the recharge at the ponds, resulted in an increase in groundwater levels throughout Irwin Basin. These increases were as much as 55 ft in the area underlying the base housing in the northwestern part of the basin and 10 ft in the southeastern area near the unnamed wash exiting the basin ( fig. 11 and table 5 ). The rise in water levels in the northwestern part of the basin is a result of continued recharge from irrigation at the base housing. Even though there is a simulated decrease in recharge at the ponds, simulated groundwater levels continue to rise in the area of the ponds. Analysis of simulation results indicate groundwater levels rose to land surface around the golf course pond, duck ponds and well 13N/3E-10D1. Simulated groundwater discharge to the drains, which was simulated around the golf course pond, duck ponds and the unnamed wash near well 13N/3E-10D1, ranges from 1 to 205 acre-ft/year by 2060 (table 6) 
Scenario 2
Scenario 2 simulates the monthly groundwater withdrawals that were calculated for scenario 1 distributed initially between two production wells and additional withdrawals later from a third production well. The total volume of simulated groundwater withdrawals was about 28,350 acre-ft in scenario 2. Discharge to the wastewater treatment plant used to calculate recharge is estimated to decrease from 2010 values, in 4 phases. The results from the scenario 2 simulation show the least rise in groundwater levels in the Irwin Basin of the four scenarios. Groundwater levels rise about 30 ft near the base housing to less than 5 ft in the unnamed wash exiting Irwin Basin near well 13N/3E-10Z1S ( fig. 12 and table 5 ). Groundwater levels remain below land surface throughout Irwin Basin (fig. 15 ).
Scenario 3
Scenario 3 simulated a reduction of 3 percent per year in 2010 withdrawals from 2011 to 2020 and then held withdrawals at a constant rate (30 percent less than in 2010) from 2021 to 2060. The total volume of simulated groundwater withdrawals was reduced from about 26,800 acre-ft in scenario 1 to about 18,760 acre-ft in scenario 3. The reduced recharge rate simulated in scenario 1 was used in scenario 3. The simulated reduction in groundwater withdrawals and recharge rate at the wastewater treatment facility resulted in a rise in groundwater levels throughout the Irwin Basin. Groundwater levels rise 65 ft in the area underlying the base housing in the northwestern part of the basin and by 10 ft in the unnamed wash near 13N/3E-10Z1 ( fig. 13 and table 5 ). The results from this scenario show the greatest rise in groundwater levels in the Irwin Basin of the 4 scenarios. Analysis of simulation results indicate groundwater levels will rise to land surface around the golf course pond, duck ponds and well 13N/3E-10D1 ( fig. 15) . Groundwater discharge to the drains, simulated around the golf course pond, duck ponds and an unnamed wash near well 13N/3E-10D1, ranges from 1 acre-ft/year in 2028 to 432 acre-ft/year by 2060 (table 6).
Scenario 4
Scenario 4 simulated a reduction of 3 percent per year in 2010 withdrawals from 2011 to 2020 distributed among 2 wells, and then a constant rate of withdrawal from 2021 to 2060. Beginning in 2016, an additional withdrawal of 31 acre-ft/yr is simulated from an inactive production well 14N/3E-32M1. The total volume of simulated groundwater withdrawals was about 20,300 acre-ft in scenario 4. The reduced recharge rate simulated in scenario 2 was used in scenario 4. Analysis of results from this simulation indicate groundwater levels rise by 45 ft near the base housing to less than 5 ft in the unnamed wash near 13N/3E-10Z1 ( fig. 14) . Groundwater levels remain below land surface in the Irwin Basin ( fig. 15 and table 5 ). There is no simulated groundwater discharge to the drains.
Model Limitations
A numerical model is useful for testing and refining a conceptual model of a groundwater flow system, developing an understanding of the system, guiding data collection, and projecting aquifer responses to changes in aquifer stresses within specified limits. However, a model can only approximate the actual system and is based on simplified assumptions and estimated conditions. Thus, the results of model simulations are only as accurate as the input data and assumed boundary conditions used to constrain the simulations.
